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Purpose 

USAFETAC  Technical  Notes  are  published  by  the  USAF  Environmental 
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information  to  units  of  the  Air  Weather  Service*  Subject  matter 
contained  In  these  Technical  Notes,  while  pertinent,  is  not  deemed 
appropriate  for  publication  as  Air  Weather  Servioe  Technical  Reports 
which  are  confined  to  those  studies,  reports,  techniques,  etc.,  of  a 
more  permanent  and  specific  nature.  Technical  Notes  include  such 
material  as  wing  seminar  listings,  bibliographies,  special  data 
compilations,  climatic  studies,  and  certain  USAFETAC  project  reports 
which  may  be  of  special  interest  to  units  of  the  AWS  organization. 

This  series  is  published  under  the  provision  of  AFR  6-1  and  AWSR  80-2, 
as  amended. 


Distribution 

Technical  Notes  will  normally  be  given  the  same  distribution  as 
AWS  Technical  Reports  which  includes  all  AWS  units  through  detachment 
level.  Additional  special  distribution  may  be  provided  certain  issues 
when  the  subject  matter  is  belioved  to  warrant  wider  dissemination 
within  the  scientific  community.  A  smaller  distribution  of  the  Notes 
will  be  made  when  the  area  of  interest  and  applicability  is  considered 
limited. 


.UJSSiO*  1» 

icrsn  »!'m  RC'lM 
iD0C  *UFF  StCTI°* 

iJKAHKUliHCill  O 

'  :i;si;»«CATja»  . 


r 


s'/ir,»nc»'*wiuiiun  codes 

...»  ITECIM. 


September  1971 


USAFETAC  TN  71 -H 


A  PREDICTION  METHOD  FUH  BLAST  FOOTING 


INTRODUCTION 

During  the  past  several  years  large  non-nuclear  bombs  (8,000  to  10,000  lb  TNT  equivalent) 
have  been  tested  at  Eglln  AFD,  Kla.  Under  certain  utmospherlc  conditions,  thr  explosions 
from  these  munitions  have  created  overpressures  which  have  caused  unexpected  damages.  After 
several  incidents,  such  as  plate  glass  windows  shattering  twelve  raileb  away  and  a  communica¬ 
tion  center  nine  miles  away  beiug  Knocked  off  the  air,  project  officials  contacted  the  ADTC 
Staff  Meteorologist  for  assistance  In  providing  future  operational  forecasts.  Lt  John 
Forsing,  a  STAFFMET  mathematician,  attacked  this  problem  initially.  Later,  u  three-roan 

team  -  Lt  ForBing,  Lt  Ed  Keppel,  and  Capt  Kichard  RasmuGsen  -  combined  their  talents  to 

solve  the  problem. 

After  a  literature  search,  the  overpressure-forecasting  technique  established  by  the 
Ballistic  Research  Laboratories  (MRL)  at  Aberdeen  Proving  Ground,  Maryland  was  selected. 

This  method  involves  calculating  the  forecast  representative  value  of  the  speed  01  sound  for 
a  specific  azimuth  (based  on  forecast  winds  and  temperatures)  for  each  1,000-ft  layer  from 
the  surface  to  10,000  ft.  Values  of  the  major  positive  and  negative  speed -of -sound  gradients 
are  the  entering  arguments  to  BRL  graphs  from  which  the  unfocused  overpressure  and  the  focal 
distance  are  obtained.  A  comparison  of  the  speed-of-sound  profile  with  BRL  profile  catego¬ 
ries  yields  a  multiplicative  factor  for  the  overpressure  intensity.  However,  the  un¬ 
certainty  involved  in  selecting  focu6  factors,  together  vith  a  high  rate  of  unacceptably 
large  predictions  of  overpressure,  suggested  the  need  for  further  refinement  of  the  BRL 
techniques  for  our  operational  ubc. 

The  next  source  of  information  came  from  Kirtland  AFB,  where  STAFFMET  personnel  fur¬ 
nished  us  a  computerized  prediction  model,  Allsond,  'This  program  was  originally  developed 
by  the  Raman  Sciences  Corporation,  Colorado  Springs,  Colorado.  Unfortunately,  Allsond  ran 
into  difficulty  very  soon  with  its  Monte  Carlo  perturbations,  parabolic  model  requiring, 
rather  sophisticated  climatology,  and  its  lengthy  machine  time.  It  had  been  designed  to  be 
a  test  model  of  sound  propagation,  not  Rn  operational  model  of  blast-focusing  forecasting. 
Shortly  afterwards,  we  learned  that  the  NASA  Mississippi  Test  Facility  near  Slidell, 

Louisiana  had  been  employing  a  modified  version  of  the  NASA  Sound  Intensity  Prediction 
Program.  This  program  used  only  a  linear  model  and  did  not  require  as  much  input  data:  how¬ 
ever,  lt  too  had  several  drawbacks.  It  required  k  or  5  radiosondes  to  be  released  within 
six  hours  of  actual  testing,  fixed  receivers  and  mobile  comnunication  units  blanketing  the 
local  area,  and  exclusive  computer  privileges  during  this  entire  period. 

By  either  of  these  computerized  approaches  there  would  always  exist  the  veiled  threat 
of  direct  application  of  the  computer  overpressure  predictions  by  a  customer  who  did  not 
understand  the  variable  accuracy  of  inputs  and  would  assume  the  computer  outputs  to  be 
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extremely  reliable.  Both  prograss  used  as  input  the  predicted  atmospheric  values  which,  of 
course,  could  not  be  expected  to  verify  with  100^  accuracy.  The  cosputer  progress  gave  the 
meteorologist  no  control  ever  the  prediction.  What  was  needed  was  a  flexible  subjective 
method  which  would  allow  one  to  temper  the  forecast,  knowing  the  reliability  of  the  forecast 
atmospheric  parameters.  It  was  decided  that  the  arithmetic  advantage  of  using  a  computer  did 
not  offset  the  danger  of  user  interpretation  or  results.  Therefore,  both  programs  were 
eventually  discarded. 

While  the  two  computer  programs  were  undergoing  evaluation,  discussions  were  also  held 
with  Mr.  Jack  W.  Reed,  Test  Effects  Department,  Sandia  Laboratories,  Albuquerque.  His 
extensive  research  and  operation  in  the  blast-focusing  field  proved  to  be  of  great  value.  By 
placing  focus  factors  and  damage  limits  in  probabilistic  terms,  he  had  arrived  at  solutions 
to  the  forecast  prediction  in  terms  of  economics  rather  than  those  of  absol >te  safety.  Even 
so,  the  Sandia  method  is  quite  similar  to  the  BRL  method,  and  requires  the  following  informa¬ 
tion  either  directly  or  indirectly:  speed-of-sound  profiles,  ray  tracings,  a  functional 
relationship  of  the  standard  overpressure  versus  distance,  attenuation  coefficient,  and  focus 
factors.  Therefore,  in  the  operational  checklist,  the  BRL  and  the  Sandia  methods  have  been 
combined,  incorporating  the  most  desirable  features  of  both. 


Problem  Statement 

The  problem  is  twofold.  First,  uslr^  the  most  -ecent  upper-air 
data,  to  forecast  the  winds  and  temperatures  from  the  surface 
to  10,000  ft  for  mission  time.  Secondly,  to  use  these  fore¬ 
casted  values  in  obtaining  a  apeed-of -sound  profile  aDd 
determining  any  significant  areas  of  focusing  of  the  acoustic 
shock  wave  and  the  intensity  of  the  focusing  in  these  areas. 

Definitions 

Blast  Focusing  —  The  refraction  patterns  of  chock  waves  through  the  earth's  atmosphere. 
Shock  waves  —  The  pressure  and  sound  waves  created  by  an  explosion. 


Focal  Area 


The  location  upon  which  the  refracted  shock  waves  are  expected  to  be 
concentrated. 


Overpressures  - -  The  pressure  expected  at  various  locations  due  to  the  refraction  pattern 
of  the  Initial  shock  wave. 


Specd-of -Sound 

Profile  —  A  vertical  plot  of  the  representative  values  of  the  speed  of  sound. 

Reference  Angle  -  The  direction  (clockwise  from  north)  that  one  is  interested  in  for 
determining  the  amount  of  focusing  expected  in  that  area. 
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A  DEbOHIPl'ION  OF  THE  SPEED  OF  SOUND  AND  BLAST  FOCUSING 

Focusing!  of  an  acoustic  shock  wave  16  caused  by  variations  of  the  speed  of  sound  In  the 
atmosphere.  These  variations  ore  primarily  caused  ey  two  meteorological  parameters,  tempera¬ 
ture  and  wind.  Moisture  and  density  variations  in  the  atmosphere  have  such  a  relatively 
minor  effect  that  they  were  not  considered  In  these  calculations. 

For  surface  or  near  surface  blast  sources,  the  horizontal  changes  In  the  speed  of  sound 
contribute  very  little  to  the  focusing  potentials.  The  horizontal  variations  of  the  tempera - 
and  wind  fields  are  not  nearly  as  pronounced  a6  are  the  vertical  shears.  Hence,  the  primary 
concern  is  for  the  vertical  changes  in  the  speed  of  nound  since  these  changes  arc  the  main 
phenomenon  responsible  for  any  type  of  focusing. 

In  order  to  determine  the  vertical  changes,  an  empirical  equation  is  used  to  calculate 
the  representative  speed-of -sound  values  from  the  surface  to  10,000  ft  in  1,000-ft  intervals: 

V  ■  2T  -  V  cos  v  (sec  note) 
s 

=  representative  speed  of  sound 

T  =  temperature  (C*) 

V  «  wind  speed 

Y  =  0  -  a  ,  where  8  -  direction  the  wind  is  coming  from 

and  a  -  reference  angle 

Above  10,000  ft,  the  speed -of -sound  changes  are  neglected.  If  ar.y  shock  wave  traveled  that 
far  upward,  it  would  decoy  so  considerably  by  the  time  it  was  refracted  back  to  the  surface 
that  it  would  be  of  very  little  significance. 

1,  Here  are  some  visual  presentations  of  how  the  wind  and  temperature  variations  each  affect 
the  speed-of-sound  profile. 

a.  Wind  Speed  Effect  (temperature  and  wind  direction  are  constant  with  altitude) 


SPEED  OF  SOUND 
OBSERVE*  OOW.VWIND 


SPEED  OF  SOUND 
OBSERVER  UPWIND 


NOTE:  This  equation  does  not  give  one  an  actual  value  for  the  speed  of  sound.  It  only  shows 
the  changes  In  the  speed  of  sound  from  layer  to  layer. 
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c.  Winds  and  temperature  Increase  then  decrease  with  height,  observer  is  downwind.  (Ho 
focusing,  amplification  greater  than  standard  over-preaBure ). 


t 

HEIGHT 


SPEED  OF  SOUND  BLAST  SOURCE 

d.  Winds  and  temperature  decrease,  increase,  and  then  decrease  with  height,  observer  is 
downwind,  (focusing/overpressure  and  focal  distance  depending  on  height  and  intensity  #f 
the  speed  of  sound  inversion). 

f 

height 


SPEED  OF  SOUNu  BLAST  SOURCE 

e.  Wind  and  temperature  Increase  slightly,  then  greater  with  height,  observer  is  down¬ 
wind.  (focusing  and  amplification). 


t 

HEIGHT 


SPEED  OF  SQUNO  BLAST  SOURCE 

In  oases  3a  through  3e,  it  has  been  assumed  (for  simplicity)  that  the  wind  direction  is  fairly 
constant  with  height  (within  100  degrees).  The  speeG-of.-sounu  profile  can  become  quite 
complicated,  however,  especially  when  the  wind  reverses  direction  and  the  speed  varies.  Such 
conditions  will  be  apparent  during  the  calculation  of  actual  cases. 

**.  The  following  generalizations  can  be  quite  helpful  in  calculating  blast  focusing: 

a.  The  strongest  focusing  and/or  amplification  will  occur  when  the  wind  shears  and 
temperature  inversions  coincide. 

b.  The  area  of  strongest  focusing  will  be  downwind. 
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c.  Strong  winds  will  generally  produce  more  intense  focusing  Uian  light  winds. 

d.  The  stronger  the  speed -of -sound  inversion,  the  closer  the  focal  area  will  be  to  the 
blast  source  and,  hence,  the  more  intense  the  overpressure. 

e.  The  closer  the  speed-of -sound  inversion  is  to  the  surface,  the  closer  the  focal  area 
will  be  to  the  blast  source  and,  hence,  the  more  intense  t.he  overpressure, 

b.  The  procedures  that  are  fully  described  in  the  checklist  Appendix  1  are  basically  the 
following:  First,  forecast  the  wind  and  temperature  values  for  each  1000-ft  layer.  Next, 
calculate  the  representative  speed-of-sound  values  for  each  level,  plot  them  on  the  worksheet, 
and  determine  the  major  gradients.  Apply  these  gradients  to  the  BRL  and  Sand la  graphs  to 
determine  the  focusing  and/or  amplification  possibilities.  Select  the  focus  factors  for  both 
methods,  and  calculate  the  intensity  of  the  overpressures.  Compare  the  two  answers,  and 
select  the  one  that  appears  most  reasonable. 

VERIFICATION 

To  actually  verify  6uch  a  procedure  as  this  would  require  considerable  sophisticated 
instrumentation.  For  the  area  size  with  which  we  are  dealing  (approximately  a  20-mile  radius 
circle  for  a  10,000  lb  TNT  equivalent  explosion),  this  has  not  been  possible.  The  primary 
verification  we  can  offer  are  several  specific  incidents  that  have  happened  since  this  check¬ 
list  and  procedures  have  been  developed. 

On  two  separate  occasions,  we  predicted  that  overpressures  just  below  the  damage  criteria 
would  strike  Eglin  AFT).  During  both  cases,  the  entire  base  felt  quite  an  appreciable  Jolt, 
yet  not  one  pane  of  glass  was  broken.  On  another  occasion  we  had  a  critical  building,  down¬ 
wind  of  the  drop  zone,  yet  closer  than  the  area  of  expected  focusing.  The  test  was  performed, 
and  personnel  at  the  building  did  not  hear  anything  as  the  focusing  was  on  the  other  side  of 
them  as  predicted.  Without  our  checklist,  we  certainly  would  have  recommended  cancellation 
on  that  day.  As  it  turned  out,  the  test  was  a  success. 

Since  July  70,  when  our  checklist  and  procedures  were  pu'  in  use,  we  have  had  no  damage 
claims,  law  suits,  or  even  broken  windows  due  to  blast  focus  ng.  The  time  used  for  an  initial 
forecast  ranges  from  a  half  hour  to  one  hour,  depending  upon  the  meteorological  situation  and 
specific  test  area.  The  time  used  in  providing  these  specialized  forecasts  is  well  justified, 
due  to  the  significance  of  this  type  of  non-nuclear  experimental  testing. 

CONCLUSION 

By  combining  the  BRL  methods  and  the  Sandia  reports  into  a  checklist  with  worksheets,  an 
efficient  yet  economical  operational  technique  has  been  devised  for  forecasting  blast  focusing. 
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APPENDIX  1 

BLAST  FOCUSING  CHECKLIST 
PART  I 

Enter  items  1  thru  9  shewn  below  on  the  worksheets  (see  Attachment  8). 

1.  Forecast  the  wind  direction  (theta,  •)  and  speed  (v)  at  1000-ft  intervals  from  the  surface 
to  10,000  ft  for  the  scheduled  time  of  the  mission. 

a.  Three  key  items  to  consider  are  the  location  of  the  drop  zone,  the  sea-breeze  effect, 
and  the  amount  of  heating  expected  by  mission  time.  Any  frontal  systems  or  low-level  weather 
phenomena  should  also  be  considered.  The  lowest  several  thousand  feet  are  the  most  critical, 
so  be  extremely  careful. 

2.  Using  the  average  wind  direction  in  the  first  5,000  ft,  determine  the  180-degree 
reciprocal  direction  (alpha,  a),  the  direction  of  expected  maximum  focusing.  Also,  select 
the  directions  (alpha's)  of  potentially  sensitive  areas  for  use  in  successive  calculations. 
These  alphas  arc  the  reference  angles. 

a.  Example:  If  the  wind6  are  from  the  southeast,  then  the  area  northwest  of  tne  drop 
zone  would  be  expected  to  receive  the  most  focusing.  If  the  winds  were  from  the  west,  tnen 
the  area  to  the  east  would  be  the  most  critical.  The  first  time  through  the  entire  calcula¬ 
tions  one  should  consider  the  probable  area  of  maximum  focusing.  Then,  repeating  the  entire 
procedure,  use  any  other  angle  to  look  at  one  specific  area  in  determining  how  that  area  will 
be  affected. 


3.  Calculate  the  relative  angle  of  the  wind  for  each  level  and  represent  +\iem  as  gemma  ( y), 
where  y  =  5  -  a  . 
a.  Example: 


e 

270*" 

a 

200“ 

20“ 

l8o“ 

20“ 

200’ 

-180“ 

t.  Using  the  gamma  values  and  the  forecast  wind  speeds,  determine  the  wind  component  to  the 
speed-of -sound  profile  by  the  graphical  computation  aid,  which  gives  V  cos  y  . 

a.  The  graphical  wind  computation  aid  is  Attachment  9.  Be  sure  to  use  the  wind-velocity 
scale  that  is  in  Knots.  This  computation  aid  takes  the  cosine  of  gemma,  multiplies  it  by  V, 
and  converts  it  to  ft/sec.  How  to  use  it:  Center  the  ruler  on  the  chart  with  the  wind  scale 
on  the  angle  gamma.  Go  along  the  ruler  until  you  get  to  the  forecasted  wind  speed  (in  knots). 
Then  read  off  the  value  of  the  V  cos  y  term  on  the  parallel  lines. 


5.  Determine  the  sign  of  the  -V  cos  y  term  by  looking  at  the  magnitude 
V  to  be  positive. 


of  gamma.  Consider 


If 

Y 

is 

from 

& 

O 

+» 

• 

O 

then 

V 

eos 

y  «  +  and  -  V 

COS 

If 

Y 

is 

from 

90“  to  270“, 

then 

V 

cos 

y  *  -  and  -  V 

cos 

If 

V 

is 

from  270*  to  36C“, 

then 

V 

cos 

y  =  +  and  -  V 

cos 

NOTE: 

cos  (- 

y)  =  cos  y 

A-l 
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b.  Forecast  the  temperature  (T)  in  degrees  centigrade  from  the  surface  to  10,000  ft  in 
1000-ft  intervals  ror  the  scheduled  mission  time. 

7.  Double  all  the  forecast  temperature  values  (2T). 

a.  For  negative  temperatures,  simply  multiply  the  value  by  2  and  let  it  remain  a  negative 
number. 

8.  Add  the  doubled  temperature  values  (2T)  to  the  wind  component  ( -V  cos  y)  and  determine  the 
values  for  the  speed-of -sound  profile  ( Vs ) ,  where  Vg  =  2T  +  (-V  cos  y). 

a.  This  equation  is  taken  from  the  BRL  report.  It  considers  the  temperature  profile  to 
be  twice  as  important  as  the  wind  component.  The  2T  term  is  considered  to  be  In  ft/sec,  l.e., 
the  value  2  has  the  dimensions  of  ft/(sec)  (degrees). 

9.  Plot  the  Vg  values  versus  altitude  on  the  speed-of-sound  profile  worksheet. 

a.  The  values  for  the  bottom  scale  (V  )  have  been  omitted  on  purpose.  Due  to  the  range 

s 

that  the  Vg  values  can  have,  room  did  not  permit  the  insertion  of  various  values.  It  has 
been  left  to  the  discretion  of  the  forecaster,  depending  upon  the  values  that  he  determines. 
Gome  examples  can  be  seen  in  the  next  item. 

PART  II 

INTERPRETATION 

10.  Determine  the  first  two  significant  gradients  in  the  speed-of -sound  profile.  Enter  the 
numerical  values  of  these  two  gradients  and  the  height  of  change  on  the  worksheet. 

a.  Significant  gradients  are  those  that  are  Initially  negative  and  become  positive  at 
a  higher  altitude,  initially  zero  then  positive,  positive  then  negative,  positive  then  zero, 
and  positive  becoming  significantly  more  positive.  Smoothing  can  be  applied  to  insure  that 
the  overall  pattern  is  defined,  not  the  trivial  fluctuations.  In  some  rare  cases  one  might 
have  3  or  more  significant  gradients.  One  must  consider  all  possibilities.  If  the  first 
significant  gradient  will  not  refract  a  majority  of  the  rays,  then  the  combination  of  the 
second  and  third  major  gradients  could  possibly  affect  the  total  outcome,  (sec  examples  for 
one  of  these  rare  cases). 


Examples:  Solid  Line:  Actual  Sounding 

Dashed  Line:  Smoothed  Sounding 
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I.  Negative  (-15/3OC>0ft  -  -.005),  then  positive  (+15/Y000  »  +.002). 

Height  of  change  >  3000ft. 

II.  Positive  (20/l«X)0ft  *  +.005),  then  negative  (-15/6000  -  -.0025). 

Height  of  change  -  4000ft. 

Hi.  Negative  (-15/2000ft  -  -.0075),  then  positive  (10/2000  =  +.005), 
then  negative  (-10/6000  »  .0016). 

Height  of  change  -  2000ft. 

Neglect  the  third  gradient  as  it  is  a  weak  gradient. 

11.  If  there  are  no  positive  gradients,  it  can  he  assumed  that  the  overpressure  exceeds  4  mb 
to  a  range  of  16000  ft  in  e.il  directions  for  a  10,000-lb  ground  burst.  (Sandia  Chart,  Attach¬ 
ment  1  to  Appendix  1). 

a.  The  value  of  16  Eft  was  determined  using  a  zero  a peed -of -sound  profile.  (Sandia  focus 
factor  «  1.0)  Other  yields  have  a  value  determined  by: 

\ 

R  =  ^2l»3(Wkt  H.E.  )°'4j  *ti33 


where 

Wkt  H.E.  =  yield  in  kllotons  of  high  explosive 

In  fact,  this  method  overestimates  the  range  for  negative  gradients  since  focus  factors  (from 
Item  1+)  of  0.2  to  0.9  should  be  applied.  This,  however,  doesn't  produce  operationally  sig¬ 
nificant  differences.  BRL  uses  a  focus  factor  of  0,  which  would  give  us  absolutely  no  safety 
criteria  at  all.  Due  to  the  large  WKT  H.E.  we  are  dealing  with,  we  feel  that  the  Sandia  re¬ 
sults  are  more  representative  in  the  case. 

12.  If  the  first  major  gradient  is  positive  and  the  second  gradient  is  negative,  zero,  or 
less  positive,  one  has  no  focusing,  just  amplification.  Use  the  values  from  Item  10  of  the 
significant  grad  .ent  and  the  height  of  change,  and  do  the  following: 

R.  For  the  Sandia  method,  select  a  focus  factor  fFQH  Item  l1*.  Using  Attachment  1  to  this 
Appendix,  determine  the  range  where  the  overpressure  is  4  mb  for  this  focu6  factor. 

b.  For  BRL,  take  the  magnitude  of  the  positive  gradient  and  the  height  of  the  gradient 
top,  use  Attachment  2  and  determine  the  maximum  range  of  rays  returning  to  the  ground.  A 
focus  factor  is  not  needed  in  this  case,  as  it  has  already  been  incorporated  into  the  chart. 

(l)  The  focus  factor  is  always  used  to  multiply  the  overpressure  expected,  not  the 
distance.  For  cases  of  amplification  only,  one  has  to  use  the  Sandia  chart  for  different 
focus  factors  for  determining  the  distance  that  one  expects  4  mbs  overpressure.  There  16  not 
a  linear  relationship  between  distances  and  focus  factors  (see  Equation  for  Ap  in  Item  14b). 

c.  Comparing  this  value  to  the  Sandia  values,  select  the  lesser  of  the  two.  Forecast 
the  overpressure  to  exceed  4  mb  to  this  distance. 
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13-  If  the  first  gradient  is  positive  and  the  second  gradient  1b  more  positive,  the  predic¬ 
tion  method  is  a  combination  of  Items  12  and  14.  Therefore,  the  predicted  areas  of  over¬ 
pressures  exceeding  4  mb  are  composed  of  an  expansion  of  the  area  close  to  the  blast  as  veil 
as  an  area  of  focusing  at  a  distance. 

14,  For  all  other  combination  of  gradients,  the  following  procedure  will  apply.  Take  the  two 
gradients  and  the  height  of  change  and  determine  the  focal  distance  from  the  charts  in  Attach¬ 
ment  3. 

a.  BRL  Method:  Using  Attachment  4,  determine  the  unfocused  overpressure  expected  at  the 
above  focal  distance.  (Convert  psi  to  mb  by  multiplying  psi  by  69).  Using  the  BRL  profile 
classification  (Attachment  5)»  determine  the  focus  factor  and  enter  this  value  on  the  work¬ 
sheet.  Multiply  the  unfocused  overpressure  by  this  value  and  arrive  at  the  expected  over¬ 
pressure  at  that  focal  distance  and  direction.  Try  to  be  subjective  with  the  higher-valued 
focus  factors  (Categories  4  &  5),  since  a  representative  value  for  a  "strong"  gradient  is 
never  given.  We  vould  estimate  a  gradient  of  .020  or  greater  could  be  considered  strong. 

'o.  Sandia  Method:  Take  the  following  three  parameters:  'Che  focal  distance  from  Item 
14,  Attachment  1  of  Checklist,  and  the  focusing  factor  expected  (from  the  table  below).  With 
these,  determine  the  amount  of  overpressure  expected.  Use  the  following  table  for  the  focus 
factor: 


FOCUS  FACTOR 

SITUATION 

0.2 

Large  negative  gradient  entire  V  profile 

g 

0.9 

Slight  negative  gradient  (entire  V  profile) 

1.0 

Zero  gradient  (vertical  V  profile) 

8 

3.0 

Wind  shear  in  lower  several  thousand  feet 

5.0 

Temperature  inversion  in  lower  several 
thousand  feet 

6.5 

Combination  of  wind  shear  and  temperature 
inversion  (rare  cases! ) 

0.6 

Average  of  extreme  cases  of  focusing  on 
record 

16.5 

Highest  ever  recorded. 

The  above  focus  factors  that  deal  with  wind  shears  would  apply 
when  calculating  for  a  target  directly  downwind  (area  of 
strongest  focusing/ amplification).  These  focus  factors  become 
proportionally  less  as  one  turns  away  from  the  downwind  direc¬ 
tion.  At  this  time  there  are  no  definite  relationships  among 
the  focus  factors,  the  direction  of  interest,  and  the  general 
wind  direction.  Any  such  relationship  vould  have  to  be 
measured  on  an  instrumented  range.  For  any  point  in  the 
pressure  field  of  blast  regardless  of  the  profile,  the 
following  values  have  been  calculated:  99.9$  of  cases  are 
focus  factor  "5"  or  loverj99*9$  of  cases  are  focus  factor 
"2"  or  higher. 
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(l)  Four  *h  1*  considered  to  be  the  critical  limit  for  glass  breakage.  A-ijr  values 
less  than  4  mb  are  safe  structurally  but  can  still  create  a  lot  of  noise.  Any  values  above 
.1035  ab  (115  decibels)  la  considered  loud  to  i-h*  ce-t.  For  iii c  predicted  ovcrpr'cSdiue, 

tht  following  cquAtior  applies: 

dp  (mb)  »  incident  overpressure  -  kW^R  aP 
where  ,  k  «  constant  *  337 

W  *  yield  in  nuclear  kllotons 

R  =  range  in  kilofeet 

A  =»  constant  1  O.b 

a  =  viscous  attenuation  coefficient  i  1 
F  *  focus  factor  (dimensionless) 

Also, 

P^  s  incident  peak-to-peak  overpressure  1  1.35  dp  ■=  dp  +  dp- 
Pk*  ”  refl*cted  incident  peak  to  peak  or erpreseure  i  2P^ 

dp*  -  recorded  overpressure  1  P*^  =  Pfc 
Therefore,  0. b  -1.2 

dp*  =  4ti2  W°'V1,2F 

and 

p*  «  2dp* 

This  Is  the  predicted  overpressure  (P*k) 


Ap 
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0  *  P«  .  REFLECTED  PLUS  INCLDENI 
^  peak-to-peax  ovkrphes.su Hi 

(The  amount  of  energy  lOBt 
due  to  the  ground  refraction 
Is  considered  minimal) 


15.  Compare  the  BRL  result*  with  the  Sandla  results.  One  can  either  combine  the  results  or 
select  the  one  method  that  seems  to  be  most  applicable  for  this  case.  How  refer  back  to  the 
original  forecasted  winds  and  temperature.  Attempt  to  visualise  what  would  happen  If  one  had 
more  heating,  less  heating,  no  sea  breeze,  etc.  Then  finalize  your  guesstimate  and  contact 
the  project  officer. 


Three  examples  are  furnished: 

Example  1  Attachments  7a,  b,  and  c 
Example  2  Attachments  8a,  b,  and  c 


*  Attachment  6  is  the  design  and 
specifications  of  a  Wind  Board, 
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SANDIA 


5AND1A  Chart  for  Determining  Range  for  Specific  Overpressures  and  Selected 

Focua  Factors 
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POSITIVE  GRADIENT  EXTENDS  TO  VARIOUS  ALTITUDES 


Geptemuer  197^ 


ATCH.  3 
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FOCAL  QIST4NCI 


to  SO  4  0  90  90  90  100 


■Focal  Distance  When  1st  Velocity  Gradient  is 
2«ro  to  Various  Altitudes  and  for  Various  2nd 
Gradients. 


Focal  Distance  When  1st  Velocity  Grauient  is 
+.002  Ft/Sec/Ft  to  Various  Altitudes  and  for 
Various  2nd  Gradients, 
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!FOC»L  DISTANCE  (-  ki L 


4  5  6  T  9  910 


-Focal  Distance  When  1st  Velocity  Gradient  is 
-.002  Ft/Sec/Ft  to  Various  Altitudes  and  for 
Various  2nd  Gradients. 


Focal  Distance  When  1st  Velocity  Gradient  is 
+.005  Ft/Sec/Ft  to  Various  Altitudes  and  for 
Various  2nd  Gradients. 
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PRESSURE  vs  DISTANCE  WHEN  VERTICAL  VELOCITY  GRADIENT  IS  ZERO  (1963) 
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COMBINATION  OF  GRADIENTS 


MULTIPLICATION  FACTOR 
FOR  REGION  NOTED 


SINGLE  NEGATIVE  GRADIENT 


FROM  ORIGIN  TO  LIMIT 
OF  OBSERVATION 


POSITIVE  GRADIENT  NEAR 
SURFACE  WITH  NEGATIVE 
GRADIENT  ABOVE 


ORIGIN  TO  LIMITING  RANGE 


ZERO  GRADIENT  NEAR 
SURFACE  WITH  POSITIVE 
GRADIENT  A307E 


FOCAL  AREA  ONLY 


WEAK  POSITIVE  GRADIENT 
NEAR  SURFACE  WITH  STRONG 
POSITIVE  GRADIENT  ABOVE 


25  -  FOCAL  AREA  ONLY 


NEGATIVE  GRADIENT  NEAR 
SURFACE  WITH  STRONG 
POSITIVE  GRADIENT  ABOVE 


TOO  -  FOCAL  AREA  ONLY 


VARIOUS  TYPES  OF  VELOCITY  GRADIENTS  TO  BE  EXPECTED  AND  THE  INCREASE 
IN  INTENSITY  AT  A  FOCUS  FOR  EACH  TYPE. 
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ELEMENTS  AND  DIMENSIONS  FOR  WIND  BOARD 
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STAFF  MET  SUPPORT  CHECKLIST 


?l-8 


■  i  L'iA.i’1.1’  aLET-Ec NO  LOU  I;  iT  • C&pt  R..A,  Rasmussen 

PHODSCT  :r/h A! r •; :  4535KUCJb _ Pave  Pat  II 

MI'V'Ia  iJ  H : _ 5Q7.Q _ _  _ _ _ 


l<AI'!:'ii'./!.A'JN:T:  -it ;  S;  Pocosin  Pond  (12  miles  NW  of  Eglla  AFB) 


0730/13  Nov  70 


Fix' :y  OEFIO.  V  '■  r.’/.O  _ Capt  Carlson 


weatu: support  a 

Piu.j  i-iC'-L1  cffj:s.::x) : 


TAR  )  FJ.i, 


i.T 


OhJ* 


AND 


NOT  REPRODUCIBLE 


SYNOPSIS  OF  SUPPORT  RENDERED  (REASONS  FOR  HOLDS ,  CAECEL.'.ATTONS , 
PROBLEMS  ENCOUNTERED  AND  RECOKENDATIONS ) : 

0710  -  Maximum  amplification  would  extend  7»5  miles  toward  Eglin.  This  would 

be  cutoff  for  >  k  mb  overpressure . _ Therefore,  looks  like  a  go  situation  as  no 

critical  targets  are  expected  to  receive  >  k  mb  overpressure. _ _ 

0900  -  Surface  temps  and  winds  just  as  forecast  -  Situation  still  looks  good. 
1010  -  Mission  went.  Eglin  heard  large  BOOM,  but  no  damage  was  reported;  We 


had  less  than  4  mb  overpressure 
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ATCH.  7b 

BLAST  FOCUSING  WORKSHEET 


TNT  EQUIVALENT:  10,000  lbs 

HAOB  AVAILABLE:  12Z _ 

DATA  MODIFIED V:  Yes  -  Lover  le\ 
R  vERE  :  ,  ANGLE:  /ct)  lte*  ( 

-  '0  RECAST  VAUI^L: 

6  - 


r 


DATE: 


Lq  ATOJ 


WINDS 


270/25 


FIRST  GRADIENT;  _ +  =OQ2 

SECOND  GRADIENT:  ~  m(X>5 
HEIGHT  OF  CHANGE:  8r000 
FOCAL  DISTANCE:  N/A 

UNFOCUSED  OVERPRESSURE:  1 


18 

42 

15 

36 

Amplification.  ins 
SANDIA  BRL 


UNFOcUsld  OvivK^KtSbuRE:  To  10KF  >  Off  scale  as  gradients  are  too  weak. 

4  MB  therefore  1  FSi  ...  f,h.  947631b 

MULTIPLICATION  FACTOR:  X3  (wind  should  stick 

shear)  with  SANDIA  results] 

OVERPRESSURE:  To  40KF  >4 MB  MB 
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ATCH.  8a 

STAFF  MET  SUPPORT  CHECKLIST 

STAFF  METEOROLOGIST;  Capt,  R.  A,  Rasmussen _ 

PROJECT  #/NAME:  4$39KOO^  PAVE  PAT  II  _ 

MISSION  #: _ 1C£0 _ _ _ 

RANGE/LAUNCH  SITE:  Pocosin  Pond  (12  miles  NV  of  Eglln  AFB) _ 

LAUNCH/T.O.  DATE/TIME; _ 1130  -  1330  16  Nov  1970 _ 

WX  SCOUT’  STN/T.O.  TIME;  M/a _ 

BRIEFING  TIME: _ 09^5  16  Nov  _ 

PROJECT  OFFICER/KEY  CONTACT:  Capt.  Carlson _ 

PHONE  NUMBER:  2-2517 _ 

WEATHER  SUPPORT  REQUIRED  (CHECK  P.D.,  CARD  FILE,  OPS  ORDER,  AND 
PROJECT  OFFICER): 

_ BlfeSL.. FgeuslDfl,  Eg.yeSas t _ _ 


SYNOPSIS  OF  SUPPORT  RENDERED  (REASONS  FOR  HOLDS,  CANCELLATIONS, 

xjorvtiT  iriufc;  TTMrlr>iniTrnc’DT?n  nun  BVOnMfmnii mrn no  \  . 

▲  HVWJJUiiV  iJlIVVVIlliJiUul/  TUU/  ikU  Wl'liJiU/A  I  XW  11U  J  • 


0945  -  For  the  first  Gradient  I  expect  only  amplification  as  It  extends  only 

to  1000  ft  altitude.  The  BRL  distance  of  23  Kllofeet  looks  more  reasonable 

than  Sanaa's  40  Kilofeet.  There  are  no  significant  targets  within  8  miles, 

but  I  am  worried  about  possible  focusing  effects  downwind  due  to  the  4-SQQO 

ft  speed  of  sound  Increase.  This  Is  a  rare  case  where  one  must  consider  such 

possibilities  as  not  all  the  rays  will  be  refracted  In  the  lower  1000  ft.  A 

lot  will  be  just  bent  downward.  For  the  leading  edge  of  the  base,  I  expect 

critical  overpressures  around  4  mb.  As  such  a  good  possibility  exists  for 

damaging  overpressures,  I  predict  a  NO-GC  situation. 
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STAFF  MET  SUPPORT  CHECKLIST 


o  CA i*  Mil i KO / L( )G I.f j I' : _ Ca,pt  R«A«  Rasmussen _ _ _ _ _  _  _ 

I  HOi'KCT  ,-?./NAMHJ :  AhVHCOOS  Pave  Pat  II _ _ _ 

H  it: _ 3034. _ _ _ 

Iv/wv  1  \/lJ' i'ji.O; ■  MIT'-. :  C-52. _ Populated  area  14  miles  SW.  Site  _C-6J3  relies  east, 

u\u:-:ra i/v .  o .  dat’v'i  ]  ml;  :  1215-1400  25  Nov  70 _ _ 

wx  ■; o'* 'U  "’ij-d-:: _ n/a _ _ 

air  T  1:: _ 1045  l _ _  _  _ _ 

PHu.'  OVI  ’1  OER/1''  .  C  y'.ii i  Caut  Carlson _ _ _ 

piic::.1:  ..'-a:  2-2S17 _ _ 

WiiAi’i'cH  .'.cjppojvT  j{ -xi'; j .•< .;r.  (c:‘  ?.•?.,  cak.)  .•■'ile,  gf  v.- amp 

P  i_  ‘.J'i  ' .  'VPJ  d;}  ; 

_ _ _ Blast  Focusing  Forecast 


SYNOPSIS  OP  SUPPORT  RENDERED  (REASONS  FOR  HOLDS,  CANO.LLA.'TCNS, 

FROULEMP  ENCOUNTERED  AND  KEOOMKNDATiONS  ) : 

104$  -  For  090°  -  focusing  should  be  on  the  other  side  of  site  C-6  opto  an 

i 

unpopulated  area.  The  Intensity  of  the  focusing  3 s  doubtful  -  Saudi a  focus  j 

factor  -  only  used  X5  as  wind  shear  vas  pot  too  strong  -  speeds  were  light.1 

BRL  focus  factor  -  way  out  of  line  as  gradients  aren't  that  strong  (est.  <.02). 

either  way  -  focusing  will  occur  on  other  side  of  critical  target.  For  240”  - 

no  sweat  -  such  light  focusing  and  gradients  are  almost  all  negative  or  zero  - 
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BLAST  FOCUSING  WORKSHEET 


DATE:  25  Spy  70 


WINDS 

r 

-v  cos  y 

T  (fcj 

2T 

Vs 

SFC 

1L0/08 

50 

-1.00 

-9 

10 

20 

n 

23. 

IM 

120/10 

30 

-120 

-15 

9 

3 

6 

-9 

15 

2M 

100/05 

10 

-140 

-9 

7 

-1 

-2 

-U 

. . 5 

3  M 

360/04 

270 

120 

0 

3 

1.5 

3 

3 

6 

4M 

330 /05 

24o 

90 

+4 

0 

2.5 

5 

2. 

5 

5M 

SIo/12 

240 

90 

+10 

0 

4.0 

8 

18 

8 

6M 

335/16 

245 

95 

+11 

. 3.5 

7 

18 

10 

7  M 

330/18 

240 

90 

+15 

0 

3.5 

7 

22  7 

8  M 

330/18 

240 

90 

+15 

0 

3.5 

7 

.22 _ L 

9M 

235 

85 

+20 

-3 

2.0 

4 

24 

1 

IOM 

320/20 

230 

80 

+21 

-6 

‘  2.0 

4 

25 

•2 

FIRST  GRADIENT :  -.011 _ “.009 


SECOND  GRADIENT:  +.011 

+1001 

HEIGHT  OF  CHANGE:  2000  Ft 

200Q  Ft  _ _ 

FOCAL  DISTANCE:  •»  72  KF  •»  13.6  mllefl 

340  KF  «65  ndiee 

SANDIA  BRL 


TNT  iv.'J  I  VALENT:  IQ.  qqj  ]h 

RAOP  AVAILABLE 


)AT\  NOMFIKD? 

R  WER-NCr.  AN  'L!i:  _ ( 

’DACCA  a  VAL’.  ^S: 


(tovns) 


X  --  ( e  -  a) 


UNFOCUSED  OVERPRESSURE:  .7  MR 

X5  tenp  Si 

MULTIPLICATION  FACTOR: 


^DQ25u£SI  <*.175  MB 

1  psi  -  66.  Q  4  76  mb 

XI 00 _ 
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undergoing  revision  and  will  be  reissued  at Ja  later  date.  Pend¬ 
ing  receipt  of  the  revision,  the  following  pen  and  ink  correct¬ 
ions  should  be  made  in  the  existing  copies: 


3,  line  7 
A-l,  line  29 
A-4 

A-5,  line  15 
A-5,  line  16 
A-5 


Action  to  be  Taken: 
last  word  should  be  "temperature" 
change  "Attachment  9,"  to  "Attachment  6" 
in  bottom  line,  "2"  should  be  ".2" 


insert  in  front  of  P* 


omit  "0.4  -  1.2"  after  the  word  "Therefore" 


in  drawing,  "P  "  should  be  "P.  "  and  "-Ap" 


should  be  "Ap~" 


A-7 


Equation  on  right  side  of  graph  should  be 
2Ap  =  4  mb" 
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2.  After  necessary  action,  file  this  change  in  front  of  page  1. 


RICHARD  A.  RASMUSSEN 
Captain,  USAF 
Detachment  10,  6WWg 
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